MicroRNAs (miRs) are small noncoding RNAs that have been reported to be promising diagnostic tools. We used quantitative real-time reverse transcription PCR (RT-qPCR) to analyze differentially expressed miRNAs in prostate tumor samples to determine its prognostic value. From 2007 to 2009, tumor tissues were obtained from 73 radical prostatectomy specimens. Differentially expressed miR-96, -145 and -221 were validated by TaqMan RT-qPCR using all 73 tissues. The prognostic value was assessed in terms of biochemical recurrence using Kaplan-Meier and Cox regression analyses. For our patient cohort, the mean age was 64.7 years (50-76 years) and the mean prostate-specific antigen (PSA) was 7.5 ng ml 21 . During the follow-up period (mean, 19.4 months), 14 of 73 (19.2%) patients developed biochemical recurrence. Expression of miR-96, -145 and -221 correlated strongly with each other, but there were no correlations between miRNA expression and clinicopathologic parameters. Kaplan-Meier survival curves using the log-rank test showed a decreased biochemical recurrence-free interval with pathologic stage (P,0.001). In addition, patients with Gleason scores over 8, compared with those with a Gleason score of 6, showed a decreased biochemical recurrence-free interval in Kaplan-Meier analysis (P50.001). However, expression of miR-96, -145 and -221 did not correlate with the biochemical recurrence interval in Kaplan-Meier survival curves or by multivariate analysis using the Cox proportional hazard regression model, either. In conclusion, we did not observe a significant correlation between the expression of miR-96, -145 and -221 and clinicopathologic parameters. To utilize miRNA as a diagnostic tool in clinical practice, more research is needed to understand miRNA mechanisms, identify miRNA targets, and further characterize miRNA function.
INTRODUCTION
The natural history of prostate carcinoma (PCa) varies from an indolent tumor to a highly aggressive cancer. 1 However, most patients who present with localized prostate cancer may be treated through radical prostatectomy or irradiation, because there is no reliable predictable marker for metastasis or death. PCa has had an increasing socioeconomic impact and a considerable negative impact on health related quality of life.
1 There is a critical need to identify a new prognostic marker that can differentiate between tumor and normal tissue, as well as between indolent and aggressive tumors in prostate cancer. Excessive treatment could be avoided if there was an adequate marker or a set of markers that could be used to differentiate an indolent tumor from a highly aggressive cancer.
MicroRNA (miR) is a small noncoding RNA with a length of approximately 22 nucleotides. 2 This type of RNA has been recognized as a modulator of gene expression and is especially involved in tumorigenesis. 3 miRNA plays an important role in various biological and metabolic processes, including development, differentiation, signal transduction, cell maintenance, diseases and cancers. 2 The biogenesis of miRNA has not been fully elucidated, but its function might be mainly determined by the interaction between miRNA and its target mRNA. 4 Recent studies on the role of miRNA in breast cancer metastasis gave rise to the notion that miRNA may also be helpful in predicting the progression and metastasis of prostate cancer. [5] [6] [7] [8] However, to date, few articles have investigated miRNA regulation in prostate cancer and only five studies have examined miRNA expression in more than 10 samples, with highly inconsistent results. 2, [9] [10] [11] [12] [13] Schaefer et al. 4 reported that there is no overlapping subset between the down-and upregulated miRNA patterns of previous studies. In addition, 17 of the 105 types of miRNA even showed an opposite expression pattern. 4 Moreover, only a few of these microarray data were validated by quantitative real-time PCR (qRT-PCR) and few studies investigated the association between a characteristic miRNA expression pattern and clinical follow-up data. 2 In other words, the problem with miRNA studies in prostate cancer is that the data are inconsistent and there are no overlapping subsets between the downand up-regulated miRNA patterns. Therefore, we identified the types of miRNA that have been reported to predict clinical recurrence in the literature but never reproduced in other studies with a large number of patients. In this study, we investigated the miR-96, -145 and -221 profiles by qRT-PCR in 73 specimens to determine the association between miRNA expression and clinicopathological data, and to evaluate the diagnostic and prognostic value of these types of miRNA.
1,2,4,12

MATERIALS AND METHODS
Patients
This study was approved by the ethical board of the Korea University Anam Hospital and all patients provided written and informed consent. Between 2007 and 2009, paraffin-embedded tumor tissue specimens were collected from 92 radical prostatectomy patients who provided informed consent. The patients had undergone robotassisted radical prostatectomy at the Department of Urology, Korea University Anam Hospital. Among 92 patients, 19 patients were excluded, because they had undergone adjuvant hormonal therapy after the final pathology was confirmed. Therefore, clinicopathologic parameters of 73 patients were gathered in this study, including age, preoperative prostate-specific antigen (PSA), tumor grading according to the Gleason score based on the whole specimen, tumor stage according to the UICC 2002 TNM system, follow-up time after surgery and PSA concentration during follow-up. Follow-up exams were performed every 3 months for the first 2 years after surgery, every 6 months over the following 3 years, and annually thereafter.
For the selection of tissue specimens, we used the method for embedding tissues into paraffin blocks in duplicate, according to the previously reported method. 2, 11 A diagnostic hematoxylin and eosin (H&E) section was prepared to verify tumor content and margin status, and to identify areas of normal and tumor tissue. After the pathologist marked the portion that contained more than 90% tumor tissue, another formalin-fixed, paraffin-embedded sample containing this portion was prepared, using a microtome for RNA extraction.
RNA purification from formalin-fixed, paraffin-embedded samples Five sections of 10-mm thickness and about 100-mm 2 surface area formalin-fixed, paraffin-embedded samples were used for total RNA extraction as follows. Samples were deparaffinized by incubation with xylene for 1 h at 60 uC and placed in absolute ethanol for washing three times for 5 min. After air drying for 5 min, tissue sections were completely lysed with 0.8 ml of Trizol reagent (Invitrogen, Carlsbad, CA, USA) and incubated at room temperature for 10 min. With additional 0.2 ml of chloroform, samples were mixed by vortexing and centrifuged for 15 min at 25 199 g. The aqueous phase was transferred to a new 1.5-ml tube and ethanol precipitation was performed. After suspending in 20 ml of RNase-free deionized water, the quality and quantity of isolated total RNA were measured using a NanoDrop ND-1000 (Thermo Fisher Scientific, Wilmington, DE, USA) spectrophotometer. Purified total RNA samples were stored at 280 uC until use.
Reverse transcription reaction
Total RNA was used for cDNA synthesis in a 20-ml total reaction volume using a Taqman microRNA Reverse Transcription kit (Applied Biosystems, Foster, CA, USA) with specifically designed stem-loop RT primers for each mature miRNA in a multiplexed fashion, according to the instructions provided by the manufacturer.
Quantitative real-time PCR (qRT-PCR)
For detection of mature miRNA, qRT-PCR was performed in duplicate using Taqman universal Mix II and Taqman miRNA assay kit (Applied Biosystems) for quantification of each specific miRNA (miR-96, -145 and -221) and snU6 miRNA. A final reaction volume of 10 ml was used, containing 2 ml of cDNA template, 5 ml of 23 Taqman universal Mix II, 0.5 ml of 203 Taqman miRNA assay and distilled water. The reaction was subjected to denaturation at 95 uC for 10 min followed by 40 cycles of denaturation at 95 uC for 15 s and annealing at 60 uC for 1 min. snU6 was used as the endogenous control for normalization of the expression level. The relative expression level of each miRNA was measured using the DC t method in which DC t 5C t(miRNA) 2C t(snU6) and C t represents the threshold cycle number. The fold change in miRNA expression was determined by the 1/2
DDCt method as described previously. 14 
Statistical analysis
Statistical analysis for qRT-PCR was performed with SPSS version 17.0 (SPSS Inc., Chicago, IL, USA). The data collection techniques and the methods of statistical analysis were approved by the Institutional Statistician Review Board of Korea University Anam Hospital. Spearman's rank correlation coefficients were used to evaluate the correlations between parameters. The prognostic value was assessed in terms of biochemical recurrence using Kaplan-Meier survival analysis and Cox's proportional hazard regression analysis using forward stepwise method.
RESULTS
Patients and tumor characteristics
The clinical demographics of the study subjects are summarized in Table 1 . In total, 73 patients were included in this study, with a mean age of 64.7 years and a mean preoperative PSA level of 7.5 ng ml 21 . Gleason scores were 6 in 27 patients (37.0%), 7 (314) in 25 patients (34.2%), 7 (413) in 13 patients (17.8%), 8 (414) in 6 patients (8.2%) and 9 or higher in 2 patients (2.7%). The pathologic stages were T2a in 14 patients (19.2%), T2b in 4 patients (5.5%), T2c in 30 patients (41.1%), T3a in 22 patients (30.1%) and T3b in 3 patients (4.1%). The mean follow-up period was 19.4 months and a total of 14 patients developed biochemical recurrence. Biochemical progression was defined as PSAo0.2 ng ml 21 at two consecutive follow-up visits.
The correlation between miRNA expression and clinicopathologic parameters We evaluated whether the expression of miR-96, -145 and -221 was correlated with the Gleason score, pathologic stage and preoperative Table 2) . miRNA as a prognostic marker Sixteen patients experienced a biochemical relapse according to the criteria.
The prognostic value of parameters was tested by Kaplan-Meier survival analysis and Cox proportional hazard regression. The recurrence-free interval was significantly reduced with increasing pathologic stage (P,0.001) and patients with Gleason scores over 8 showed a decreased biochemical recurrence-free interval (P50.001) compared with a Gleason score of 6 in Kaplan-Meier analysis, showing that our study cohort was representative (Figure 1) .
For analysis, miRNA expression was dichotomized by the median. However, the recurrence-free interval was not significantly different among patients with miR-96, -145 and -221 expression in the tumor samples (P50.554, 0.503 and 0.348, respectively) ( Figure 2) .
In the univariate analysis, pathologic stage and preoperative PSA were significant predictors of clinical recurrence (pathologic stage hazard ratio 513.850 (95% confidence interval: 4.206-45.603); P,0.001 and preoperative PSA hazard ratio51.245 (95% confidence interval: 1.108-1.399); P,0.001) ( Table 3) . However, miR-96, -145 and -221 were not significant predictors of clinical recurrence (P50.560, 0.510 and 0.570, respectively). Three clinicopathologic parameters and miRNA variables were assessed according to their prognostic performance in multivariate Cox proportional hazard regression using the forward stepwise method. Multivariate Cox proportional hazard regression showed that dichotomized miR-96, -145 and -221 were not significant predictors of clinical recurrence; in contrast, the preoperative PSA level and tumor stage were significant predictive factors for clinical recurrence (P50.038 and 0.018, respectively). 
DISCUSSION
Prostate cancer has a diverse natural disease progression and the prognosis of patients is also quite variable. However, the current known prognostic factors for treatment efficacy and tumor recurrence, including the PSA level at diagnosis, staging and the Gleason score have limitations in predicting the prognosis of each patient exactly. Therefore, it is imperative to develop new prognostic tools or markers for differentiating between high and low risk cancer or predicting patient prognosis.
In this respect, new molecular markers such as miRNA seem to be attractive markers for prostate cancer. miRNA may be helpful for discriminating not only between normal and cancer tissue, but also differentiating between poorly differentiated tumors from insignificant tumors according to the expression profiles. 4, 15 Recent studies in breast cancer have investigated the role of miRNA in mediating metastasis, and a genetic expression assay using miRNA has been recommended to improve risk classification and recurrence prediction. 16 Similarly, it is expected that miRNA might also play an important role in determining the best treatment strategy or predicting the prostate cancer patient prognosis.
However, to date, the data from previous studies have been inconsistent, which has made it difficult to make conclusions regarding the use of miRNA as a diagnostic biomarker, although several studies in other types of cancers have demonstrated the usefulness of miRNA measurements. 4 Schaefer et al. 4 indicated that there was no overlapping of miRNA expression in prostate cancer, possibly because of differences in the samples used for the miRNA expression analysis. In other words, a tumor tissue sample may include normal or benign prostate hyperplasia tissue even though a microdissection was performed to include over 90% of the tumor based on H&E stain preparation. 10, 11 In our study, we also tried to include over 90% of the tumor through H&E stain preparation.
There are few reports demonstrating a correlation between miRNA expression and clinicopathologic parameters with a sufficient sample size. According to a previous study, at least 70 samples are necessary to obtain a power of at least 80% for predicting tumor recurrence. 2 Schaefer et al.
2 used radical prostatectomy specimens from 79 patients to evaluate the miRNA as a prognostic marker. Spahn et al.
1 used specimens from 92 patients to analyze miR-221 expression. We also used radical prostatectomy specimens from 73 patients to analyze the relationship between miRNA expression and clinicopathologic parameters. Finally, previous miRNA studies in prostate cancer have produced inconsistent results and few studies have done with a sufficient sample size. Therefore, we performed a literature review to identify suitable miRNA and chose miR-96, -145 and -221, which are proven diagnostic markers based on association studies with clinicopathologic data.
1,2,12 RT-PCR was used to validate our findings using a sufficient sample size.
Schaefer et al. 2 performed miRNA profiling in 79 PCa tissues by RTqPCR to evaluate the potential of using miRNA as a prognostic marker. They reported that expression of miR-96 was associated with Gleason score and biochemical tumor recurrence after radical prostatectomy. They showed that increased miR-96 expression was significantly associated with Gleason score in the Cox model (P50.052). It was the first report to indicate its association with prostate cancer. In other words, their result was not consistent with previous miRNA results. They mentioned that the recurrence-free interval was significantly reduced with higher Gleason score and pT stage, indicating the Table 3 Results of univariate and multivariate Cox proportional hazard analyses of clinicopathologic parameters and several miRNAs were differentially expressed with regard to the recurrence-free interval after radical prostatectomy Gleason score is ordinal scale variable with the subgroup 6, 7 and 8. Here, reference value of Gleason score is 6. Dichotomized variables are tumor stage (pT2 vs. pT3) and miRNAs (according to the medians). Abbreviations; CI, confidence interval; HR, hazard ratio; miRNA, microRNA; PSA, prostate-specific antigen.
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representativeness of their cohort. In addition, the failure rate was comparable with generally observed results. In our study, the recurrence-free interval was significantly decreased with higher Gleason score and pathologic T stage and the recurrence rate corresponded with that observed in previous studies. The Gleason score, preoperative PSA level and pathologic stage were strongly correlated with each other. Our results indicated that our study group was also representative. However, in our study, we found that miR-96 was not a prognostic indicator in Kaplan-Meier and Cox proportional hazard regression models. Until the study of Schaefer et al. 2 , only one prior study identified a characteristic expression pattern after examining the relationship between miRNA and clinical data. Tong et al.
12 investigated the association between the miRNA expression profile and clinical data using 40 prostatectomy specimens, although the sample size was smaller than that of Schaefer et al.
2 and our study. 2, 12 They found five downregulated types of miRNA, including miR-145, and emphasized that the finding of decreased miR-145 expression was consistent with the finding that miR-145 was one of the most frequently downregulated types of miRNA in 16 prostatectomy specimens in the study by Ozen et al. 10 Decreased miR-145 expression has been described in lung caner, breast cancer and hepatocellular carcinoma. 17, 18 In addition, the expression of miR-145 has consistently been found to be decreased in the adenomatous and cancer stages of colorectal cancer. 19, 20 Porkka et al. 11 reported that miR-145 was downregulated in PCa compared with BPH. Ozen et al. 10 also reported that miR-145 was significantly downregulated in prostate cancer as determined by miRNA microarrays. However, we did not find an association between the expression of miRNA-145 and clinicopathologic parameters in prostate cancer.
Spahn et al. 1 investigated whether miR-221 has potential as a prognostic marker in prostate cancer using the largest clinical sample size to date. They found that miR-221 was strongly downregulated in prostate cancer compared with the benign control in a microarray study. In addition, the overall expression of miR-221 was downregulated in primary prostate cancer and metastasis samples in real-time RT-PCR analysis. However, comparison of BPH samples and noncancerous peripheral zone prostatic tissue did not show any difference. They used RT-PCR to analyze miR-221 expression in a cohort consisting of 92 patients. In their study, Kaplan-Meier analysis and Cox proportional hazard analysis showed that lower miR-221 expression was associated with tumor progression and recurrence in a high-risk prostate cancer cohort. In addition, downregulation of miR-221 has been confirmed by other miRNA studies in prostate cancer and has been shown to be a relatively consistent event in prostate cancer.
9-11
However, we did not find an association between clinicopathologic parameters and miR-221 expression in our study.
In our study, we did not observe an association between miR-96, -145 or -221 expression and clinicopathologic parameters of prostate cancer, indicating that these types of miRNA do not have prognostic value for prostate cancer patients. These results are paradoxically consistent with the inconsistency of results obtained from previous studies regarding miRNA expression in prostate cancer. As previously mentioned, results may vary depending on the technical methods used to obtain the samples, such as microdissection or H&E preparation to verify tumor content and margin status. 10, 11 Further, there is variation across studies in the techniques used for miRNA preparation (total RNA or purified miRNA with partial detection of premature miRNA), as well as with miRNA measurement platforms. 10, 13, 21, 22 And more importantly, we do not know the exact mechanisms by which miRNA is regulated or processed in tumors. 4 In addition, it is widely accepted that one miRNA can target many mRNA sequences responsible for several different proteins. 23 In other words, it is not a 'one-to-one' relationship between miRNA expression and target mRNA expression and the relationship depends on orchestral and dynamic regulation. 24 In the future, more objective methods should be developed to study miRNA, and more research is needed to recognize the targets of miRNA and to explore their complex molecular effects. At the same time, consistent results about previously reported miRNA are needed to develop diagnostic markers for clinical use.
We did note a significant correlation among the expression of the three types of miRNA in our study. Thus, it seems that there might be characteristic miRNA expression in each patient, but it is unclear if the expression profiles are due to tumor differentiation or behavior. In addition, a previous comparative study with mRNA showed that miRNA expression patterns provide more precise diagnostic results. 21 Based on the successful use of mRNA expression profiles in breast cancer treatment, the results of the comparative study seem to be encouraging for prostate cancer. While we did not observe a significant relationship between the expression of miR-96, -145 and -221 and clinicopathologic parameters for prostate cancer, future studies should continue to work toward identifying and validating types of miRNA that have prognostic value for prostate cancer.
CONCLUSIONS
We analyzed the prognostic values of miR-96, -145 and -221 in prostate cancer. We did not find an association between the expression of these types of miRNA and clinicopathologic parameters of a cohort of prostate cancer patients. Although miRNA has many advantages as a diagnostic tool, more research is needed to identify the mechanisms of miRNA and its targets for further characterizing the function of the miRNA. In addition, the identification of new types of miRNA through microarray analysis needs to be validated by data from other studies, as well as studies that demonstrate a correlation between miRNA expression and clinicopathologic parameters.
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